SUMMARY
The use of P-adrenergic blockers is established in the management of various cardiovascular disorders, such as angina pectoris, hypertension, tachycardia or arrhythmia [1] . Particularly in patients with coronary artery disease, tachycardiainduced ischaemia may compromise myocardial oxygen balance, followed by deterioration of global cardiac performance [1, 2] . However, block of adrenergic receptors may reduce myocardial contractility which is associated often with a decrease in cardiac output [3, 4] . Positive inotropes are sometimes necessary to reduce these cardiodepressant side effects of P-blockers. Traditionally, catecholamines such as dobutamine are used widely to increase myocardial performance and improve haemodynamic state [5] [6] [7] . Their action is based on (3-adrenoceptor stimulation, which may be associated with severe side-effects or be ineffective because of down-regulation in severe heart failure or iatrogenic pharmacological block [8, 9] . Phosphodiesterase-III-inhibitors such as enoximone are a new class of drug with positive inotropic properties, offering an alternative for the treatment of depressed myocardial performance [10] [11] [12] [13] . The aim of this study was to investigate how the haemodynamic profile of enoximone and dobutamine may be modified by P-adrenoceptor block during cardiac surgery.
PATIENTS AND METHODS
We studied 20 patients undergoing elective aortocoronary bypass surgery. Informed consent was obtained from each patient and the study was approved by the Institutional Human Ethics Committee of the hospital.
All patients were premedicated with fluni- Patients receiving P-blockers or with severely depressed myocardial function (left ventricular ejection fraction < 40 %; preoperative catheterization within 3 month of operation) or concomitant valve disease were excluded. Inclusion criteria were persistent tachycardia (heart rate (HR) > 100 beat min" 1 ) in the presence of an adequate mean arterial pressure (MAP) (> 70 mm Hg) and precapillary wedge pressure (PCWP) (>8mmHg) before cannulation for bypass.
In this situation, 10 min before administration of the P-blocker esmolol, fentanyl 5 ug kg" 1 and midazolam O.lmgkg" 1 were given to exclude light anaesthesia. Patients with persistent tachycardia (HR > 100 beat min" 1 ) were given esmolol 500 ug kg" 1 for 1 min, followed by a continuous infusion of 100 ug kg" 1 min" 1 until the end of the period of investigation. Twenty minutes after the start of administration of esmolol (when dP/dt max was decreased by more than 20%), patients were allocated randomly to two groups: group 1 (n = 10) received enoximone 0.5 mg kg" 1 as a bolus, and group 2 (n = 10) received dobutamine 5 ug kg" 1 min" 1 as an infusion. Haemodynamic monitoring consisted of MAP (by radial artery cannulation), HR, pulmonary artery pressure (PAP), PCWP, right atrial pressure (RAP) and cardiac output (CO) using thermodilution technique. Derived haemodynamic variables (systemic vascular resistance (SVR), pulmonary vascular resistance (PVR) and cardiac index (CI)) were calculated from standard formulae. Left ventricular pressure (LVP), left ventricular end-diastolic pressure (LVEDP) and left ventricular contractility index (LVdP/dr max ) (electronic differentiation, Hellige, Freiburg, West Germany) were obtained by direct cannulation of the left ventricle.
All measurements were performed under steady-state haemodynamic and anaesthetic conditions before administration of esmolol (baseline values), 20 min after the start of esmolol and 5,10, 15 and 20 min after enoximone or start of dobutamine administration.
After these measurements, arterial and venous cannulae were inserted and cardiopulmonary bypass was started.
One-and two-factorial analyses of variance followed by the Scheffe test were used for statistical analysis. P < 0.05 was considered significant.
RESULTS
There was no difference in demographic data between groups. All patients were NYHA functional class II without severe impairment of myocardial function (LVEF > 50%; LVEDP < 15 mm Hg) (table I). Esmolol decreased HR significantly in both groups (-27%), whereas MAP and RAP were unchanged ( fig. 1 ). Enoximone and dobutamine did not change MAP and RAP significantly; enoximone increased HR slightly (+10%) for lOmin. None of the patients suffered from arrhythmia during the study.
Mean CI was decreased by esmolol in both groups (-18.5 %) ( fig. 2) . Injection of enoximone 20 min after the start of infusion of esmolol was followed by a significant increase in CI ( + 35 %), whereas dobutamine produced no change in output.
In comparison with baseline values, SVR increased significantly in the dobutamine-treated patients (+ 44 %). There was no change in SVR in the enoximone group. PVR increased only in patients who received dobutamine ( + 52%) ( fig. 3 ). Directly measured left ventricular haemodynamic variables ( fig. 4 ) revealed no significant change in LVP and LVEDP. However, dP/dr max decreased significantly in response to esmolol in both groups (approximately -38%). Enoximone increased dP/df max significantly ( + 39%), whereas dobutamine had no effect. No patient required pharmacological or mechanical support during weaning from cardiopulmonary bypass and all had an uneventful postoperative course.
DISCUSSION
Esmolol is a cardioselective P,-blocker without sympathomimetic activity or membrane stabilizing effects [1, 14] . Its distribution half-life is 2 min, and elimination half-life approximately 9 min [15] .
Esmolol produced adequate reduction in HR in our study by achieving steady state plasma concentrations (loading dose followed by a continuous infusion) [1, 16] . Linear dose-related haemodynamic effects have been demonstrated in man [1] . Esmolol was effective in reducing HR during the pre-bypass period in our study. Myocardial contractility, however, was reduced markedly with the dose used. Although LVdP/df max is known to be dependent on HR and preload, this variable is accepted generally as an indication of ventricular contractility.
Sympathomimetic amines are used widely for inotropic support and dobutamine in particular is favoured during coronary artery surgery because of its reduced effect on HR [5, 17, 18] . However, as a reduced responsiveness to P-receptor agonists may be anticipated in these patients, it is reasonable to select new agents which do not affect 0-receptors and act at a site distal to the receptor [19, 20] . Inhibition of phosphodiesterase-III offers an alternative treatment of depressed myocardial function [21] [22] [23] . Enoximone produces inhibition of only the membrane-bound high affinity cyclic adenosine monophosphatephosphodiesterase (phosphodiesterase III, or type IV phosphodiesterase by revised nomenclature [24] ) [25] . It has been proven to be of benefit in patients suffering from severely impaired myocardial function by increasing myocardial contractility and by decreasing afterload because of its vasodilating properties [19] . It has been used as a single dose, as in our study, or by continuous infusion [19, 22] . A bolus of 0.5mgkg~l significantly increased contractility [26] , with moderate effects on HR. In this study, enoximone increased HR only slightly (+10%) and for a short period (10 min) .
Aldiough the use of positive inotropes is associated with the risk of increased myocardial oxygen consumption, with detrimental effects on global myocardial function [27] , enoximone seems not to affect myocardial oxygen consumption or even decrease it because of a concomitant reduction in systolic wall tension [28] . Moreover, an increased rate of ventricular relaxation occurs, attributable also to activation of the cAMP system [29] . Direct coronary dilatator effects were reported after administration of enoximone [30] and Mitrovic and colleagues [31] reported that enoximone abolished stress-induced ischaemia in patients with coronary artery disease.
Our study confirms that enoximone increases myocardial contractility in spite of an effective block of P-adrenoceptors by esmolol. In animals, in which sympathetic-mediated reflex-induced changes in HR were blocked by the fj-adrenoceptor antagonist nadolol, both improvement in ventricular contractility and ventricular relaxation were achieved by the phosphodiesterase-III inhibitor milrinone [20] . In contrast with this, acute pretreatment with esmolol blocked the P^adreno-ceptor effects of dobutamine and led to a marked increase in peripheral resistance without accompanying cardiac stimulation. These results are in accordance with other investigations stressing that dobutamine might have detrimental haemodynamic effects in patients who have received long-term medication with P-blockers [6] . In experimental studies, propranolol was reported to abolish the positive inotropic effects of dobutamine, unmasking the a-adrenergic-receptor properties of dobutamine [32] . The dose of dobutamine in our study was small, but has been shown to be effective in patients with moderate myocardial dysfunction [7, 18] . Increasing doses (up to 40 ng kg" 1 min" 1 ), however, may cause a pronounced increase in HR with detrimental effects on myocardial oxygen consumption.
Enoximone may be useful in treating patients with heart failure. These patients are often dependent on high sympathetic tone or rapid heart rate for an adequate cardiac output. However, tachycardia is a disadvantage with respect to myocardial oxygen consumption and, in this situation, p-blockers may precipitate heart failure. The use of an ultra-short acting P-blocker to reduce heart rate in combination with the inotropic effects of enoximone might be of value and this combination warrants further investigation.
It is concluded that dobutamine is not the drug of choice for inotropic support in patients acutely pretreated with P-blockers, whereas enoximone may improve haemodynamic status even in patients who are P-blocked.
